Marine aerobic heterotrophic bacteria of the genus Pseudoalteromonas (Gauthier et al., 1995) comprise one of the most abundant taxonomic groups of the proteobacteria, readily cultivated from the marine environment (Baumann & Baumann, 1981 ; Baumann et al., 1984 ; Gauthier & Breittmayer, 1992 ; Acinas et al., 1999 ; Eilers et al., 2000) . This study extends our previous taxonomic investigations of Alteromonas-like bacteria isolated from the far-eastern part of the Sea of Japan and the Pacific Ocean (Ivanova et al., 1996 (Ivanova et al., , 1998 (Ivanova et al., , 2000a Sawabe et al., 2000) . We present the results of a phenotypic, genetic and phylogenetic examination of two strains, isolated from sea water and from a gorgonian, Paragorgia arborea. The data obtained suggest that the bacteria represent two novel species, and the names Pseudoalteromonas translucida sp. nov. and Pseudoalteromonas paragorgicola sp. nov. are proposed.
The strains examined in this study were isolated from the gorgonian Paragorgia arborea and from a seawater sample. The gorgonian was collected in June 1988 at a depth of 202 m (salinity 32 ; temperature 10 mC) in the Pacific Ocean (isle Onekotan of the Kuril Islands ; latitude 49m 22h 1d N, longitude 154m 09h 5d E).
A sea-water sample was collected at a depth of 5-8 m (salinity 33 = ; temperature 12 mC) at the Pacific Institute of Bioorganic Chemistry Marine Experimental Station, Troitza Bay, Gulf of Peter the Great, Sea of Japan, in July 1997. The gorgonian was pre-rinsed in sterilized sea water and a piece (3 g) of tissue was removed aseptically. The strains were isolated from tissue homogenates and sea-water samples by plating Two novel Pseudoalteromonas species Utilization of : 0n1 ml samples on plates of marine agar 2216 (Difco) and on plates with medium B. Medium B contained 0n2% (w\v) Bacto peptone (Difco), 0n2% (w\v) casein hydrolysate (Merck), 0n2% (w\v) Bacto yeast extract (Difco), 0n1% (w\v) glucose, 0n02 % (w\v) KH # PO % , 0n005 % (w\v) MgSO % .7H # O and 1n5% (w\v) Bacto agar (Difco), 50 % (v\v) natural sea water and 50 % (v\v) distilled water at pH 7n5-7n8, as described elsewhere (Ivanova et al., 1996) . After initial isolation, the strains were purified on medium B and maintained on the same semi-solid medium B in tubes under mineral oil at 4 mC and stored at k80 mC in marine broth (Difco) supplemented with 30 % (v\v) glycerol. All isolates were streaked on agar plates from broth cultures every 6 months to ensure purity and viability.
Unless otherwise indicated, the phenotypic properties used for the characterization of Alteromonas-like species were assessed by using standard procedures (Baumann et al., 1972 ; Baumann & Baumann, 1981 ; Smibert & Krieg, 1994) and as described elsewhere (Ivanova et al., 1996 (Ivanova et al., , 1998 . The temperature range for growth was examined on medium B incubated at 4, 10, 30, 35, 37 and 42 mC. The use of various organic substrates (0n1%, w\v) listed in Table 1 as sole sources of carbon was examined using BM broth medium (Baumann et al., 1972) . The bacteria were grown at 24 -26 mC. Electron micrographs of negatively stained cells were prepared using a Zeiss EM 10 CA electron microscope (80 kV). A drop of particle-free (autoclaved and ultracentrifuged), distilled water was placed on the bacterial growth of a 24-h culture. A sample (30 µl) of the resulting bacterial suspension was applied to carbon-and Formvar-coated 400-mesh copper 
grids, a drop of 1n25 % uranyl acetate was added and the bacteria were allowed to adhere for 1 min at room temperature. Superfluous liquid was gently removed by using a piece of filter paper.
Two strains, KMM 520 T and KMM 3548 T , respectively isolated from sea water and a gorgonian, had all of the phenotypic characteristics of the genus Pseudoalteromonas. The bacteria were Gram-negative, strictly aerobic, oxidase-and catalase-positive, rod-shaped, 0n7-0n9 µm in diameter and 1n0-1n2 µm long with a single polar flagellum for KMM 3548 T and, unusually for pseudoalteromonads, bipolar flagella for KMM 520 T (Fig. 1) . The colonies were uniformly round, 2-3 mm in diameter, regular, convex, smooth, slightly orange-pigmented for KMM 3548 T and translucent for KMM 520 T after incubation for 48 h on marine agar. No diffusible pigment was produced in the medium. The bacteria did not form endospores, did not accumulate poly-β-hydroxybutyrate as an intracellular reserve product and did not have an arginine dihydrolase, were oxidase-and catalase-positive and required sea water or 1-6 % (KMM 3548 T ) or 1-8 % (KMM 520 T ) NaCl for growth, with optimum growth at 1-3 % NaCl. The temperature range for growth was 4-30 mC with optimum growth at 25 mC. No growth was detected at 37 mC. The pH range for growth was 6n0-10n0 with optimum growth at pH 7n5-8n0. Cells of both strains studied decomposed gelatin, Tween 80 and DNA. Strain KMM 520 T also decomposed elastin. Agar and chitin were not hydrolysed by either strain. Two novel Pseudoalteromonas species Both strains were susceptible to gentamicin, polymyxin and streptomycin and were not susceptible to kanamycin, lincomycin, oleandomycin or tetracycline (Table 1) .
Analysis of fatty acid methyl esters was performed by GLC as described previously by Svetashev et al. (1995) . The fatty acid patterns of the two strains studied were very similar to those found for other Pseudoalteromonas species (Ivanova et al., 2000b) . The proportions of major fatty acids were (values for KMM 3548 T and KMM 520 T ): 4n8 and 7n4% 15:0, 7n2 and 13n8 % 16 : 0, 28n8 and 29n2% 16:1ω7, 19n7 and 23n5% 17:1ω8 and 1n1 and 1n6% 18:1ω7 (Table 2) .
DNA was isolated from the strains by following the method of Marmur (1961) . The GjC contents of the DNA of strains KMM 520 T and KMM 3548 T were respectively 46n3 and 41n1 mol %, determined by the thermal denaturation method (Marmur & Doty, 1962) . For DNA-DNA hybridization experiments, type strains were obtained from public culture collections and kindly provided by U. Simidu (formerly of the Institute of Molecular and Cellular Biosciences, Tokyo, Japan), J. Guinea (University of Barcelona, Spain), J. Bowman (University of Tasmania, Hobart, Australia) and C. Holmstro$ m (University of New South Wales, Sydney, Australia). All reference strains were routinely cultured on marine agar 2216 plates (Difco). DNA-DNA hybridization was performed spectrophotometrically and initial renaturation rates were recorded as described elsewhere (Marmur & Doty, 1962 ; De Ley et al., 1970) . The level of DNA relatedness of the two strains studied was 20 % and they were therefore assigned genotypically to separate species. The genetic similarity of strain KMM 520 T to the type strains of the genus Pseudoalteromonas listed in Table 3 was rather low and ranged from 8 to 34 %, and that of strain KMM 3549 T ranged from 17 to 53 %. Based on the generally accepted criterion of the definition of genomic species ( Wayne et al., 1987) , strains KMM 520 T and KMM 3548 T are assigned to separate species. 
Fig. 2. Phylogenetic position of isolates KMM 520 T and KMM 3548
T within the Pseudoalteromonas clade of the γ-Proteobacteria. Unrooted tree obtained using a bioNJ algorithm, Kimura's two-parameter correction for distance calculations and 500 replications in a bootstrap analysis. Bootstrap percentages are only indicated for that branches also found in maximum-likelihood (P 0n01) and parsimony (mostparsimonious tree) analyses.
The small-subunit rRNA genes were sequenced as described elsewhere (Sawabe et al., 1998a, b) using a BigDye terminator sequencing kit (ABI) and an ABI 310 sequencer. The PCR conditions were as follows ; initial denaturation step at 94 mC for 180 s, annealing step at 55 mC for 60 s and extension step at 72 mC for 90 s. The thermal profile consisted of 30 cycles. The amplification primers used in this study gave a 1n5 kb PCR product and corresponded to positions 25-1521 of the Escherichia coli sequence. The PCR products were purified using a Promega Wizard PCR preps DNA purification kit and sequenced directly by using a Taq FS dye terminator sequencing kit (ABI) and the protocol recommended by the manufacturer.
The 16S rDNA sequences were aligned automatically and then manually by reference to a database of 35 000 already-aligned bacterial 16S rDNA sequences. Phylogenetic trees were constructed according to three different methods (bioNJ, maximum-likelihood and maximum-parsimony). For the neighbour-joining (NJ) analysis, matrix distances were calculated according to Kimura's two-parameter correction. Bootstraps were done using 500 replications, bioNJ and Kimura's two-parameter correction. BioNJ was performed according to Gascuel (1997) and maximumlikelihood and maximum-parsimony data were from  (version 3.573c, distributed by J. Felsenstein, Department of Genetics, University of Washington, Seattle, USA). The phylogenetic trees were drawn using  (Perrie' re & Gouy, 1996) and Claris  software for Apple Macintosh. Domains used to construct phylogenetic trees were regions of the smallsubunit rDNA sequences available for all sequences and excluding positions likely to show homoplasy.
For the tree shown in Fig. 2 , only sequences from members of the genus Pseudoalteromonas for which almost the entire 16S rDNA sequence was included in the analysis were retained, corresponding to positions 71-1380 of the KMM 3548 T sequence. Positions 1-71 and after 1380 were not retained because they were missing from some of the sequences. The topology shown is that of the bootstrap analysis, as it has been demonstrated that this topology is often better than that of a simple NJ analysis (Berry & Gascuel, 1996) . As a result, there is no distance bar in this tree. Also note that one should consider the distance bar with caution in a simple tree, as the bar represents distances calculated after correction (Kimura's two-parameter ; Jukes & Cantor, 1969) and therefore the lengths of the branches do not simply represent the real number of differences between the sequences. 16S rDNA gene sequence analyses revealed that the bacteria studied are members of the γ-Proteobacteria and, more precisely, that they are included in the clade that is formed by the genus Pseudoalteromonas. Strain KMM 520 T clustered robustly with Pseudoalteromonas antarctica, but DNA-DNA hybridization data showed clearly that they are distinct species. For strain KMM 3548 T , phylogenetic analyses of 16S rDNA sequences showed no robust clustering with any recognized species and therefore suggested that this strain represents a novel species within the genus Pseudoalteromonas. Both results are consistent with phenotypic characteristics and DNA-DNA hybridization experiments. Strains KMM 520 T and KMM 3548 T should therefore be recognized as two novel species, distinct from P. antarctica, 'Pseudoalteromonas gracilis ', Pseudoalteromonas haloplanktis, Pseudoalteromonas nigrifaciens, Pseudoalteromonas undina, Pseudoalteromonas elyakovii and Pseudoalteromonas distincta, although all of these species clearly form a distinct subclade within the genus Pseudoalteromonas (Fig. 2) .
Currently, the genus Pseudoalteromonas includes more than 25 species that share many phenotypic characteristics. However, pigmented species of the genus are generally less halophilic and some of them, e.g. Pseudoalteromonas aurantia, Pseudoalteromonas luteoviolacea, Pseudoalteromonas rubra, Pseudoalteromonas denitrificans and Pseudoalteromonas paragorgicola sp.
Two novel Pseudoalteromonas species nov. KMM 3548 T , grow at limited concentrations (1-6 %) of NaCl, utilize a limited range of carbon sources and are resistant to antibiotics. The nonpigmented species are more halophilic, with the exception of Pseudoalteromonas atlantica, which grows only in the presence of 3-6 % NaCl. For example, two species, Pseudoalteromonas prydzensis and Pseudoalteromonas issachenkonii, grow in the presence of 15 % NaCl (Table 1) . The non-pigmented species are more susceptible to antibiotics, especially P. atlantica, P. haloplanktis, P. nigrifaciens and P. undina. The novel species can be distinguished from other species by a number of phenotypic traits. Pseudoalteromonas translucida sp. nov. KMM 520 T can be distinguished by cell morphology, i.e. bipolar flagella, by the ability to decompose elastin, by the inability to decompose starch and by susceptibility to the antibiotics polymyxin, streptomycin and gentamicin. P. paragorgicola sp. nov. KMM 3548 T grew in the presence of 1-6 % NaCl and hydrolysed some high-molecular-mass compounds (gelatin, casein and DNA). Based on the results obtained, we propose that strains KMM 520 T and KMM 3548 T be designated Pseudoalteromonas translucida sp. nov. and Pseudoalteromonas paragorgicola sp. nov. Since the genus Pseudoalteromonas has been enlarged by several novel species with some characteristic phenotypic features, we also propose an emended description of the genus.
Emended description of the genus Pseudoalteromonas Gauthier et al. 1995
The description is identical to that given by Gauthier et al. (1995) with the following changes. The cells of some species are motile by means of polar, bipolar or lateral flagella. All species decompose gelatin and Tween 80.
Description of Pseudoalteromonas translucida sp. nov.
